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Abstract 

The historical record of the SERT II ion 
thrusters and spacecraft performance for 6 1/2 years 
since Che February 1970 launch is reviewed. The 
most recent ion thruster operation tost shows no 
changes since 1974. Thruster 2 is fully operational 
with no performance degradation. Thruster 1 lias a 
high voltage grid short, but continues to demon- 
strate cathode and discharge relight capability. 
Spacecraft orbit and dyn.unic analysis indicates a 
stable, sun-synchronous spacecraft orientation by 
1979. An attitude adjustment maneuver was per- 
formed in August 1970 to achieve this orientation 
and provide sufficient continuous solar power for 
thruster operation in 1979. 

Introduction 

The SERT It spacecraft was launched in Febru- 
ary 1970 with a gu„J of demonstrating long-term op- 
eration of an ion thruster in space. The spacecraft 
contained two 15-cm diameter mercury electron bom- 
bardment ion thrusters designed to operate at a 
nominal 1 kilowatt power level. In 1970 thruster 1 
wa.s operated for 5 1/2 months and then thruster 2 
was operated for 3 months. (1) In each case, thrust- 
er operation was terminated by a high-voltage sliort. 
A series of thruster turn-on tests were conducted in 
1971 in an attempt to clear the short. These tests 
were unsuccessful and tlie spacecraft was placed in 
a storage mode. 

By 1973 proposed electric propulsion missions 
included a need to restart thruster many times. 
Therefore, the stored SERT II spacecraft was acti- 
vated (even though well beyond its one year design 
life) to demonstrate both multiple restart capabil- 
ity and the integrity of active thrufiter components, 
propellant feed system, power processor, and other 
spacecraft ancillary equipment after long-term space 
storage. Although the original SERT II spacecraft 
and thrusters wore not designed tor automatic cath- 
ode restarting, it was possible to manually command 
both the ignition of the cathodes and the subsequent 
turnoff. Such procedures were limited to real time 
while the spacecraft passed over a ground tracking 
station. During 1973, 112 successful restarts of 
each thruster were so demonstrated . (2) xke 1973 
test program ended, based on priorities for the 
ground-support equipment. 

The 1970 launch, initial sun-synchronous, polar 
orbit of the SERT II spacecraft had processed such 
that in 1973 Che sun angle was oblique and only 
marginal power was available co operate the cath- 
odes. Inadequate spacecraft power was predicted 
for 1974. Therefore, at the end of the 1973 test 
program a new spacecraft orientation was proposed(2) 
and executed for testing in Che 1974 to 1973 period. 
In August 1974 the SERT II spacecraft was again re- 
activated for thruster testing. The results of 
these 1974 tests, whidi included clearing of the 
high-voltage short from thruster 2, return to nor- 
mal operation of thruster 2, multiple restarts of 
both thrusters, and electrical potential control of 
Che spacecraft by the neutralizer cathode, were 
presented in a previous paper. (4) 
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This paper presents thruster testing frum 1975, 
updates spacecraft aCacus(5), and deacribed space- 
craft maneuvora necessary to achieve solar power 
through 1980. In 1979 the spacecraft orbit should 
be sun-synchronous and continuous thruster oporaclon 
may be possible. 

Results of 1975 Thruster Teats 

A description of the SERT IT thruster oyscom 
has been presented elsewhcro(i) and will not be re- 
peated here. The purpoao of the 19’’'; th;u.jter 
tests was co verify the operational status of each 
thruster system. This was done a.5 part of an over- 
all program in which yearly check testing of each 
thruster system has boon performed. 

Titruster 2 was successfully operated in h 
planned thruster restart on December 4, 1975. 
Thruster preheat and discharge ignition were normal. 
After discharge stabilization, the thruster vas op- 
erated at 83 mn beam current (30 percent beam) for 
5 minutes. The thruster was then commanded co the 
200 roa beam sec point (80 percent bean) wh-re It 
opernced normally for 4 minutes. Kith 3 minutes 
remaining in the pass time, the command to operate 
at 250 mo beam (100 percent beam) was sent, As an- 
ticipated with Che additional load, the solar array 
voltage dropped below its system cut off level, and 
the thruster was turned off automatically. The ar- 
ray total power drawn before turn off was 710 watts 
(at 50.4 V). The total power demand at 250 ma beam 
(100 percent thrust) would have been between 860 and 
880 watts (at 48 V), 

Table I presents the thruster 2 system oper- 
ating currents and voltages for the 1975 test ns 
well as corresponding data for prior years. The 
1976 testing was not complete at the time (aug. 

1976) of tills writing. All dace of Table I falls 
within normally expected ranges. Differences be- 
tween tests were caused by telemetry uncertainty, 
insufficient time co come co thermal equilibrium, 
and change of power supply output with change in 
solar array voltage. Note in Table 1 the changes 
in solar array voltage with year. From 1973 co 
1975 the sun angle became less direct and clie volt- 
age (with heavy array load) was usually lower eacli 
year. The exception is for Che preheat part of 
testing. At preheat, the array power load was low, 
and Che array voltage was primarily influeacod by 
the array temperature. The lower temperature each 
year, due to less direct sun, resulted in a higher ■ 
open circuit voltage. 

Table II presents SERT II titruster heat cur- 
rents to light the cathode discharges for 1975 and 
earlier flight tests. The heater values are Chose 
just before cathode llghclng. (After lighting, con- 
trol loops adjusted the heater currents.) All heat- 
er values ere constant within accuracy and indicate 
no heater degradation. The restart times for 
thruster 1 are somewhat quicker than average. 

Thruster 2 restart times are longer than averag 
but still much shorter chan the nominal 1 hour of 
Che original SERT IT starting time requirement. 

Thruster 1 was operated three cties during 
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Noveitibcr-Deccmbor 1975 and the discharges lighted 
normally. The high-voltage short still, however 
remained. The table below summarizes the operating 
tinos and restarts of each SERT II flight thruster 
system ns of Augus'. 31, 1976t 


Thrus ter 

Propellant 

Number 


flow. 

of 


hr 

restarts 

3 

3890 

159 

2 

2177 

215 


Both SEKT II flight thruster systems continued 
to function as they did approximately 1 year ago. 

The power processor units continue to function with- 
out problems or drift of any controlled perameter. 
The propellant feed system functions normally with 
no gas leakage nor change in porous-tungsten vapor- 
izer flow transmission. No electric Insulators in 
the thrusters show measurable electrical leakage. 

Spacecraft Status - 1976 

An artist's drawing of the SERT II spacecraft 
(S/C) Is shown in figure 1, Detailed description 
may oe found in the literature. (1) The S/C orbit 
and S/C attitude after launch (1970) is represented 
in figure 2. In 1973 the S/C was spin stabil- 
ized,^'^) and continues today in that mode. The ba- 
sic S/C is an Agonn vehicle with a fold out solar 
array mounted off an aft rack and two ion thrusters 
mounted on a forward deck. The solar array, when 
deployed, was perpendicular to the pitch axis (as 
defined In fig. 2) and in the roll-yaw axis plane. 

Table III summarizes the status of the SERT II 
S/C as of August 1975, 6 1/2 years after launch. 

All major subsystems remain functional. This in- 
cludes the solar array, command receive and tele- 
metry systems, control moment gyros, horizon scan- 
ners, a cold-gas attitude adjustment system, and 
the S/C passive thermal control surfaces. Certain 
components with known short lifetimes, a few tem- 
perature sensors, and some secondary experiments 
are not functional. For example, all S/C batteries 
are well beyond shelf lifetimes and are dead, and 
one of two on-board cape recorders has failed. No 
changes in the S/C functional status have occurred 
since reference 5 summarized the status 2 years ago, 
and the reader is directed to this document for a 
complete description of the S/C performance. 

Solar-Array PeRtadatlon 

A degradation curve of the relative maximum 
power of the SE.TT II solar array with time is shown 
in figure 3. The solid line of figure 3 represents 
the array manufacturer's prediction for the array 
degradation due to normal space environment in the 
1000-km high, near-polar, SERT IT orbit. The dashed 
line of figure 3 represents the measured degradation 
of the solar array extrapolated through 1979. The 
data up to 170 days was taken from reference 6. 

These data were computed from test cells located 
within the main array. The telemetry ranges of 
these test cells were set to read a high relative 
maximum power range which occurred early In S/C life 
(first year). As Che array degraded below 0.8 of 
maximum power, the telemetry output of these test 
cells went below the measurable range. Therefore, 


the only way to measure maximum array power after 
the first year, was to load the main array to its 
maximum power. This wos done on December 5, 1975 
(day 2130) when thruster 2 was tested, and the es- 
timate of relative maximum power is plotted on fig- 
ure 3. The error band is due to two uncertainties. 
One uncertainty ie the sun angle, 30° ±5°. The 
ocher uncertainty lo the maximum power point which 
was extrapolated from Che last thruster operating 
point. The thruster sy.stem Incroaso in power, 
which collapsed the array,, occurred between teloraec- 
cy updating .and could not b,*? sensed before the S/C 
shutdown. 

Two important conclusion.^ ca.n be drawn from 
figure 3. First, the solar a. ray degradation was 
less than normal indicating no significant contam- 
ination from Ion thruster operation, Sncondly, so- 
lar array power available in 1979 should he reduced 
by only a 5-percent additional loss in relative 
maximum power. If direct sun is incident on the 
arrays in 1979 there will be enough power Co oper- 
ate chruater 2 at lOO-percenC throttle. The reserve 
power margin is small, however, and operation at 
80-percent throttle or less raiiy be necessary. As 
will be shown in the next section, the sun line will 
not be direct (0° angle of Incidence) in 1979, but 
probably will be 10° to 30° depending upon the ex- 
act attitude achieved after a 1978 S/C maneuver. 

Reflector Erosion Exnerlment (REX ) 

REX is a SERT II secondary experiment to mea- 
sure mlcromcterold or other erosion-producing fjux 
existing at the altitude (1000 km) of the SERT II 
spacecraft. The REX consists of two. Chin, aluminum- 
coated disks facing in the same direction as Che 
solar array. The disks have a completely open view 
factor of space in the sun direction or forward hem- 
isphere. In the rearward hemisphere they are en- 
closed by a cup or mounting box which gives them a 
known, controlled thermal environment. Erosion of 
the thin aluminum coating on the disk will change 
the thermal emittance (r) and the solar absorptance 
(a) . Such changes have been calibrated in the lab- 
oratory as a function of the erosion flux. 

Changes in a or e result In a change In the 
equilibrium disk temperature which can be measured 
by the SERT II telemetry system. The disk temper- 
ature also changes with changes in the sun angle of 
incidence . 

The result of the REX experiment was that for 
3 years and 8 months there was no Indicated change 
in a or c of either disk. This result indicat- 
ed a low erosion flux level (as predicted by some 
experimenters) at SERT II altitudes. 

Calculating the escimated low limlc of this 
erosion efflux is beyond the scope of this paper, 
but may he attempted through the procedures of ref- 
erence 7. After 3 years and 8 months, the SERT II 
spacecraft was spin stabilized and accurate REX data 
was no longer obtainable. At this time the sun an- 
gle of incidence on REX changed and could not be 
determined with an accuracy necessary to make the 
REX a and c estimates meaningful. Before spin 
stabilization the REX disk was in the orbit plane 
which could be determined accurately from spacecraft 
tracking. To summarize the REX results, microme- 
teroid and other erosion flux were sensed over a 
sufficiently long (3 yr, 8 mo) period that a neg- 
ligibly low flux was found to exist. (A 1-yr ex- 
posure time of the disk was considered suftirient 



CO detect Bodium flux lovelfl possibly presoni-.(7) 

A secondary use oE the REX is as u sun sensor 
when Che S/C Is in a spin-stublllzcd position. (Ho 
sun sensor instcuoent v?ns Included on the SERT II 
S/C.) If Che assumption is made that cite a and c 
of Che REX disks remain unclianced with time, then 
Che REX equilibrium temperocure data can be worked 
backward to predict a sun angle of incidence. Equa- 
tion (D3) of reference 7 was used with the REX tem- 
perature CO calculate sun angles for the period af- 
ter Scpcember 1973. The results of some of these 
sun angle raeasurenents are described in the next 
section. 

Spocccraft Cyclic Data 

Figure presents SERT S/C data chat was taken 
from doy 134 to day 230 of 1976. The data accuracy 
and trends will be described first, and later the 
reason for the approximate 28-day cyclic pattern 
■will be explained. 

The solar array sun line angle of figure 4 goes 
through n minimum of 30° to 35° each cycle. (Small- 
er angle is more direct sun.) The width of these 
curves, about 7 days, represents sun illumination 
of the solar array and time of available power to 
Operate the S/C. REX chermal analysis errors be- 
come large above 60° angle and data for angles <60 
are disregarded. Telemetry count uncertainty re- 
sults in an error band of ±8° for angles near 10°, 
±5° for angles near 30°, and ±3° for angles near 
50°. 

The ocher curves of figure 4, PC21 and SUMS, 
are taken from direct temperature sensors on the 
S/C. SUNS measured the S/C skin temperature on the 
side of the S/C near the ion thruster end. A line 
tangent to SUN8 location is parallel to the plane 
of the solar arrays. The l’C2l comperacure sensor 
is located on the radiation plate of thruster 2 
power conditions. This sensor is located 170° az- 
Imuthally counterclockwise from the SUNS sensor, 
viewing the S/C from the earth in the orientation 
of figure 2. The telemetry count uncertainty is 
about ±1° C for SUK8 and ±2° C for PC21. SUK8 and 
PC21 temperatures are plotted once per day when da- 
ta was available. Gaps in the data occurred when 
there was no communlcaclan with the S/C due to in- 
sufficient array power to opcrnce the S/C telemetry 
system. SUNB and PC21 cyclic temperatures indicate 
that the solar array is sometimes facing the sun 
(peak in SUNS) and sometimes facing away from the 
sun (peak in PC21) , with a nearly sinusoidal change 
itibetwccn. When the array faces directly away from 
the sun it receives enough llluinlnation from earth 
able to power the S/C, At some array posit ns in- 
between, the array views neither the sun nor the 
earth and no communication is possible from the S/C. 

Spacecraft Orbit and Dynamic Motion 

Figure 2 shows a conventional view to illus- 
trate the SERT II S/C in a gravity-gradient, sun- 
synchronous orbit. Sun-synchronous phasing, how- 
ever, is not exact and if the position of the orbit 
plane is observed each year, it is seen to slowly 
(about 19° per yr) turn away from sun. At the 
1000 km altitude of the SERT II 5/C, S/C shadowing 
occurs when the orbit plane has turned 30° or more 
from a perpendicular sun position. Shadowing be- 
gan in 1972 and will last until approximately 
January 1979. The relative motion of the sun and 


the S/C orbit over 11 yonts is sketched in fig- 
ure 5(e) snd repeated in figures 5(b), (c), and (d). 

In figure 5(a) the S/C is in the same orbit and 
attitude as shown in figure 2, but the direction of 
viewing has been changed. For figure 5, the viewer 
is approximately above the north polu looking down 
on earth and the S/C is approximately over the 
equator. (The curvature of the earth Oiid S/C al- 
titude arc to scale, but the S/C is greatly en- 
larged.) The orbit plane remains fixed in time and 
la always perpendicular to the flgur- -age. The 
relative position of the sun direction at the start 
of each year is shown. The S/C was in the position 
shown in fie are 5(a) from launch to September 1973. 
At that tlita figure 5(a) indicates the relatively 
shallow sun angle on the active side of the array, 
and that the angle would continue to become more 
shallow with time, such that in 1975 there would bo 
Insufficient array Illumination to operate the S/C. 

Therefore, in September 1973 a S/C maneuver, 
shown by figure 5 (hi, was performed to increase ar- 
ray illumination.'^' First the S/c was tilted out 
of the orbit plane by using cold gas jets to turn 
the roll axis by 60°. This maneuver pointed the 
active array aide coward the sun. Then additional 
cold gas jets were used to spin-scabllize the S/C 
about the pitch axis. The S/C spin cote is about 
0.5 rpm. 

The S/c, however, will not remain in the posi- 
tion as .shown in figure 5(b). A natural combina- 
tion of gradlty-gradlent typo forces acting on the 
spinning S/C will cause the S/C spin axis to pro- 
cess in a coning motion^°^ as shown in figure 5(c). 
The period of this precession is about 28 days and 
depenus on the S/C spin rate and the coning angle. 
The cone angle remains fixed at the initial tilt 
and the axis of Che precession cone is perpendicu- 
lar CO the orbit plane. 7 The S/C position shown 
in figure 5(c) is 14 days after that shown in fig- 
ure 5(b). In figure 5(c) the active aide of the ar- 
ray faces the earth and corresponds Co a time wbea 
Che PC21 temperocure date Is at maximum. The S/C 
position of figure 5(b) corresponds to the time 
when SUNB temperature reads maximum and when max- 
imum array power is available. 

If nothing were done to the S/C position shown 
in figure 5(b) or (c) (1973-76 period), the sun di- 
rection would continually move .away from the array, 
and' there would be insufflclont power to operate thfc 
S/C. The array was approximately facing the direc- 
tion of Che January 1974 sun for the 1973-76 period, 
and by 1977, S/C operation would be marginal. To 
achieve an Improved sun angle on the array, two ad- 
ditinnaj maneuvers shown in figure 5(d) were neces- 
sary.^®^ The first maneuver, conducted in August 
1976, was to rotate the S/C roll axis approximately 
90° to change Che precession cone to the other side 
of the orbit plane ns shown in figure 5(d). This 
was done to achieve sufficient power to operate the 
S/C ;.'i 1977 and 1978. Ac this position Che cone 
ptcccsslon period is approximately 8 days. 

To achieve the best array direction for con- 
tinuous thruster operation after January 1979, will 
require e second tilt of the S/C roll axis to a 
position where the procession cone angle is near 0 
(shown on fig. 5(d)). At this final attitude the 
correspond. ng continuous sun angle of Incidence will 
be approximately 35° at the start of 1979 and will 
improve with time. In the fall of 1980 the sun 
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should he perpendicular to the oolnr array (qo angle 
of livcldoncc) . 

Future P blcetlvcs and Pinna 

The SERT 11 spacecraft is cxlEtinB i>;)d func- 
tioning in space. The folloulng ohjcctlves can be 
net uaing this spacecraft in a lou-cost program over 
the next 3 to A years; 

1. Votlf the SERT II thruster design technol- 
ogy vhlch is the basis for the design of present 8- 
and 30-cm thrusters. 

(a) Increase demonstrated thruster life- . 
time in a space operetioni and verify that no fur- 
ther problems exist in space operation of n thrust- 
er other than those which caused the initial SERT II 
thruster failure, 

(b) Demonstrate long-term space storage, 
multiple restart, and operational capability of a 
functional thruster after 7 to 11 years exposure to 
the zero~C, thermal, vacuum, and radiation environ- 
ment of space. 

(c) Demonstrate space lifetime of mercury 
propellant feed systems; materials compatibility 
with mercury: and the Integrity of the porous- 
tungsten vaporizer design. 

(d) Verify the function of all closed- 
loop control parameters for long-term thruster 
space operation. Also included in this objective 
Is the demonstrated Integrity of the insulator 
shields to prevent electrical leakage. 

(c) Demonstrate hollow-cathode lifetime 
and restart ability in a space thruster. 

(f) Deraonsernto the long-term space oper- 
ation of the thruster power processing unit (PPU). 
The SERT II PPU is similar in design concept to the 
8-cm PPU. 

2. Demonsdrato the absence of detrimental 
thruster-spacecraft Interatlons with continued 
thruster operation. (No change In o/c of space- 
craft thormal surfaces.) 

3. Obtain long-term solar array degradation 
data in space environment. The thruster system can 
be operated in a stepwise fashion to produce a so- 
lar array load curve at periodic intervals. 

A. Complete initial SERT II objective. (6- 
montiis operation of one thruster.) 

5. Maintain an existing electric propulsion 
spacecraft in functional order for future (present- 
ly undefined) spacecraft diagnostic tests. 

Plans ore to check test each SERT II thruster 
system once per year to demonstrate space storage 
and relighting, while waiting for continuous sun- 
light array power in 1979. In 1979 thruster 2 can 
bo turned on and tested continuously at the highest 
throttle level commensurate witli available solar 
power. Power estimates for 1979 indicate that 80- 
percent throttle may be the highest level. The 
propellant reserve in thruster system 2 tanks 
should permit 5000 hours of operation at 80-percent 
throttle or AOOO hours nt 100-perccnt throttle. 

(The propellant reserve of thruster system 1 is es- 
timated at 2100 hours at 100-percent throttle, but 
the grid short precludes full thruster operation.) 
Periods of continuous solar power arc estimated to 
begin in 1979 and last through 1981. 

Concluding Remarks 

The SERT II Spacecraft, designed for 1 year 
life, remains functional after 6 1/2 years in 
space. One of two ion thrusters on board is fully 
operational with 4000 hours of propellant reserve. 


Present earth shadowing of the spaceorofe solar ar- 
rays prevent continuous testing of the thruster, but 
periodic short-term check tests of the thruster ver- 
ify its operational status. A maneuver to change 
the spacecraft attitude was performed in August 1970 
to provide spacecraft solar array power In 1977 and 
1978. A further atclfcde change maneuver con be 
performed in ;C7a to improve the sun direction on 
the solar array, so that continuous thruster testing 
will be possible in 1979 when the spacecraft returns 
to a continuous sun orbit. 
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Tabic 2. - Repreaentotlvc Heater Values^^^ and Cathode Starting Times 


Thruster 

Start 

number 

Date 

Main vaporlzor 

Main cathode 

Neutralizer 

cathode 

Cathode start time 

Total 

cathode, 

Neutralizer 

reservoir 




12. 

A 

V2, 

V 

V2/I2, 

0 

1 

1 

V3/I3, 

n 

I 

1 

V7/I7, 

n 

Neutralizer 

cathode, 

min 

Main 

cathode, 

min 

&u 

m 

°C 

IBHI 

■■ 


2.80 

(a) 

Ca) 

■ 

>15 

>5.3 

2.78 

<a) 

(a) 

®-^-o.o 



(a) 

B 

H 


mh 


2.81 

(a) 

(a) 

2.92 

15.7 


2.79 

9.9 


r n+0.0 
<^•2-0.0 

(a) 



5*4 




■ 

2/14/70 

2.81 

2.74 

0.98 

2.83 

15,7 

5.5 

2.90 

10,3 

3.6 

3.3+°-* 

-0.6 

0.3’*'*^* ^ 
* -0.0 

0 

(a) 


B 


2.89 

(a) 

(a) 

2.88 

15.3 

5.3 

2.90 

10.6 

3.7 

4.2+‘>-l 

-0.6 

0.3+“-=' 
“• -0.0 

508 

83 



5/21/70 

(a) 

2.67 

(a) 

2.33 

15.3 

5.3 

2.90 

10.8 

3.7 

^ +0.4 
-0,6 


2283 

78 


14 

10/26/70 

2.89 

2.60 

.90 

2.88 

14.1 

4.9 

2.90 

10.8 

3.7 

-0.6 

b4.4:°:5 

3794 

47 


20 

2/11/71 

2.89 

2.67 

.93 

2.88 

15.7 

5.5 

2.90 

10.3 

3.6 

, ,+0.0 
''•='-0.6 

-0.1 

3835 

83 


32 

1/21/72 

(a) 

(a) 

(a) 

2.88 

15.7 

5.5 

2.79 


3.6 

^■2-0.6 

(a) 

3868 

29 


33 

5/25/73 

2.81 

2.74 

.97 

2.82 

15.3 

5.4 

2.90 

10.6 

3.7 

®-®-0,4 

bg ^+0,4 
-0.3 

3069 

(a) 


145 

8/19/74 

2.89 

2.74 

.95 

2.82 

15,3 

5.4 

2.90 

10.8 

3.7 

^•^-0.6 

7.4+°-'' 
'• -0.3 

3885 

(a) 


149 

9/30/74 

2.81 

2.74 

.98 

2.32 

15,7 

5.6 

2.90 


3.7 

, ,+0.0 
®‘‘=-0.4 

fi 

®‘°-0 5 

3887 

(a) 


156 

10/9/74 

2.81 

2.74 

.96 

2.82 

15.7 

5.6 

2.90 

10.3 

3.6 

®-®-0.6 

+0.0 

-0.5 

3889 

(a) 


157 

11/14/75 

2.39 

2.74 

.95 

2.82 

15.3 

5.4 

2.90 

10.6 

3.7 

-!°o:4° 


3890 

(a) 


(e) 


2.89 

(a) 

(a) 

2.78 

>15 


2.94 

(a) 

(a) 


1 0+°-° 
-0.0 


(a) 

2 

1 

>5.4 




12/21/69 

2.90 

(a) 

(a) 

2.77 

16.0 

5.8 

2.86 

(a) 

(a) 

fi q+O-O 





4 

'=•^-0,0 

-0.0 




10 

2/11/70 

2.88 

2.77 

0.96 

2.86 

16.0 

5.6 

2.97 

10.2 

ED 

3 2+“-2 
-0.6 

”* -0.3 

0 

97 


11 

7/24/70 

2.97 

2.70 

.91 

2.86 

16.0 

5.6 

2.97 

10.2 

3.4 

3.2+°-^ 

-0.4 

“‘^-0.4 

38 

97 


12 

9/2/70 

2.97 

2.70 

.91 

2.81 

15.6 

5.6 

2.97 

10.4 

3.5 

+0.1 
-*• -0.6 


934 

65 


53 

11/13/70 

2.97 

2.70 

.91 

2.81 

15.6 

5.6 

2.97 

10.4 

3.5 

^•®-0.6 

^■C.l 

2094 

69 


67 

2/26/71 

2.97 

2.70 

.91 

2.86 

16.0 

5.6 

2.97 

10.4 

3.5 

-0.6 

0.4‘''“-® 

-0.3 

2126 

115 


76 

1/21/72 

(a) 

(a) 

(a) 

2.86 

16.0 

5.6 

2.97 

10.4 

3.5 

5 3+°-=’ 
^ -0.6 

(a) 

2149 

33 


126 

7/17/73 

2.97 

2.70 

.91 

2.81 

16.0 

5.7 

2,97 

10.4 

3.5 

5 2+°-° 
-0,4 


2162 

22 


189 

8/19/74 

2.97 

2.70 

.91 

2.81 

15.6 

5,6 

2.97 

10.4 

3.5 

5 4+°-“ 
-0.2 


2166 

43 


203 

9/12/74 

2.97 

2.70 

.91 

2.81 

15.6 

5.6 

2.97 

10.2 

3.4 

, ,+0.0 
®-^-0.4 

22 5*'°-° 

2169 

40 


211 

10/2/74 

2.97 

2.70 

.91 

2.81 

15.6 

5.6 

2.97 

10.2 

3.4 

®-®-0.6 

12 7’'’°*® 
-0.4 

2175 

35 


215 

12/4/75 

2.97 

2.70 

,91 

2,81 

15.6 

5.6 

2.97 

10.4 

3.5 

+0.0 

'•^-0.6 

29 3 *°'^ 
-0.4 

2177 

37 


(e) 

10/76 















“Data not taken or onnvallnble. 

^Ko preheat used. 

^Quantiring and calibration error, ±3%, root-sum-aquare. 

‘^Includes heating time In space only; ground time, thruster 1-83 hr, thruster 2-91 hr. 
<^Daca not taken at time oE writing. 
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Figure 1. - SERT II spacecraft in orbit (artist's conception). Figure 2. - SERT 1 1 vehicle coordinate system in orbit viewed 

from Sun for spring launch and sunset orbit injection. 



SUNS. PC21, ARRAY SUN RELATIVE N\A XI MUM POWER 



SUN LINE CALCULATED FROM REX TEMPERATURES, 
0° IS PERPENDICULAR 



PC21 - POWER CONDITIONING TEMPERATURE, 
80r- ANT I SUN SIDE 



SUNS - SPACECRAFT SKIN ON NORMAL SUN SIDE 



DAY OF 1976 

Figure 4. - Periodic change of sun on SERF n spacecraft. 
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Figure 5. • Continued. ^ ‘?ure 5. - Concluded. 


